Summary. Intact None of the antisera tested contained antibodies directed against the sperm receptor site indicating that these critical components lack immunogenicity.
Introduction
The feasibility of regulating fertility through the induction of immunity against the zona pellucida has been demonstrated in active immunization models employing cross-reacting heterospecific zona antigens as the immunogen (Gwatkin, Williams & Carlo, 1977; Gwatkin & Williams, 1978; Aitken et al., 1981; Aitken & Richardson, 1981a, b) . The population of antibodies responsible for inducing infertility in these circumstances is thought to be that directed against the highly antigenic, carbohydrate-rich outer surface of the zona pellucida (Aitken & Richardson, 1980) . Experiments with antisera raised against mechanically isolated intact mouse zonae pellucidae have revealed that such antisera block the sperm-binding stage of fertilization by cross-linking antigenic sites on the zona surface and non-specifically masking the receptors for spermatozoa (Aitken & Richardson, 1981c) . In these studies there was no evidence to suggest that antisera raised against intact zonae contain antibodies directed against the sperm receptors themselves. This was a disappointing finding since these receptors are not only the most important biological components of the zona but also the most promising targets for contraceptive purposes (Aitken & Richardson, 1980) . It is possible that the sperm-binding sites are of low antigenicity as suggested by the studies of Ahuja & Tzartos (1981) who used univalent antibodies raised against hamster ovarian homogenates. An alternative explanation is that the sperm receptors are so positioned within the intact zona structure that they are not adequately exposed to the immune system of the host.
However, solubilization of the zona pellucida under denaturing conditions (heat, urea, low pH, SDS) is known to liberate high concentrations of biologically active receptors, capable of inter¬ fering with sperm-egg interactions in vitro (Gwatkin & Williams, 1976; Bleil & Wassarman, 1980b) .
The purpose of the present study was therefore to use univalent antibody probes to investigate whether antisera raised against mechanically isolated zonae, which had been solubilized in several different ways, contained antibodies directed against the sperm-binding sites or relied entirely upon steric hinderance for their antifertility effects.
Materials and Methods
Production of antisera Cumulus-free mouse ova were prepared as previously described (Aitken & Richardson, 1981b) and the zonae were isolated with the aid of hand-drawn micropipettes with an internal diameter of about 50 urn. Exactly 1500 isolated zonae (equivalent to 7-2 µg protein according to Bleil & Wassarman, 1980a) were solubilized in 80 µ of medium for each immunizing injection. The solubilization procedures were: (1) heating to 68°C (Cholewa-Stewart & Massaro, 1972) in Dulbecco's phosphate-buffered saline, PBS, pH 7-2 (Flow Laboratories, Irvine, Scotland); (2) 0-5% sodium dodecyl sulphate (SDS) at 37°C; (3) 8 M-urea in PBS at 37°C; (4) 0-15% trypsin in PBS at 37°C; and (5) 5-4 mM-adenosine triphosphate, pH 3-6, in 0-9% (w/v) NaCl (Brun & Psychoyos, 1972) (Aitken & Richardson, 1981b) and subsequently heated to 56°C for 30 min to inactivate complement before being divided into 1-ml fractions and stored at -20°C.
A control antiserum was prepared against mouse lymphocytes using the procedures described by Morton, Hegh & Clunie (1974) .
Preparations o/y-globulin
The -globulin fraction of each antiserum was concentrated by sodium sulphate precipitation (Heide & Schwick, 1978 Preparation of Fab fragments Univalent Fab fragments were prepared by papain digestion of the concentrated -globulin fraction followed by Sephadex G-75 chromatography (Porter, 1959; Ahuja & Tzartos, 1981 
Immunoprecipitation
Cumulus-free ova were incubated in serially diluted antibody, washed 4 times in PBS and examined under dark-field illumination with a Leitz Ortholux II microscope. The last doubling dilution at which a surface precipitate was observed was taken as the titre and 7-12 ova were used at each dilution. Control incubations contained an anti-mouse lymphocyte antiserum.
Pronase solubilization
Cumulus-free ova were incubated in the presence of -globulin for 30 min at 37°C before being washed in PBS and transferred to 0-1% pronase for solubilization. The ova were subsequently examined every 2 min until the zonae pellucidae surrounding 50% of the ova had solubilized (Inoue & Wolf, 1974) . The solubilization time was expressed as a percentage increase over the time taken to dissolve untreated zonae in the same enzyme solution and 7-12 ova were used for each determination.
Sperm binding to the zona pellucida
The ability of anti-zona antisera to inhibit the sperm-binding stage of fertilization was assessed using the procedures described by Aitkin & Richardson (1981b) and 10-15 ova were scored for each determination.
R adioimmunoassay
The iodination procedure adopted for this study is based on the description of Palm, Sacco, Syner & Subramanian (1979) . Exactly 30 ul 0-05 M-NaH2P04 (pH 7-5) and 5 ul (0-5 mCi) of carrier-free Na125I (Amersham International, Amersham, England) were added to 500 mechanically isolated mouse zonae solubilized by heating or exposure to low pH (5-4 mM-ATP) contained in 50 µ1 0-05 M-NaH2P04 (pH 7-5). Then 10 µ of freshly prepared chloramine-T (1 mg/ml in 0-05 M-NaH2P04) were added to the mixture followed 45 sec later by 500 ul of freshly prepared Na2S205 (0-4 mg/ml in 0-05 M-NaH2P04) to arrest the iodination reaction. The iodinated zona material was immediately separated from unreacted 125I by passage through a 1 20 cm Biogel P-60 (Biorad, Richmond, U.S.A.) column equilibrated with 0-05 M-NaH2P04. The specific activities of the radiolabelled tracers were calculated and found to be 0-1 µ / 3 (20-8 µ /µ% protein) and 0-12 µ / 3 (25 µ /µ , protein) for the heat-and ATP-solubilized material respectively. The interaction between the iodinated zona tracers and the anti-zona antisera was analysed following serial dilution of the -globulin fraction from 1:100 to 1:2000 in serum-supplemented buffer, pH 7-0 (0-01 M-KH2P04, 0-14 M-NaCl, 0-05 M-Na2 EDTA, 0-1% normal rabbit serum). To 100 ul of each -globulin dilution was added 100 ul phosphate-gelatin buffer, pH 7-0 (0-01 m-KH2P04, 0-14 M-NaCl, 0-1% gelatin, 0-1% merthiolate) and 100 µ of iodinated tracer giving 10 anti-mouse lymphocyte preparation represented about 10% of the total counts bound at each equivalent dilution of anti-zona antiserum. AU of the anti-zona -globulin preparations were also observed to bind specifically to the intact zona pellucida by indirect immunofluorescence and produced a precipitate on the outer zona surface (Table 1) . Interaction between the antisera raised against solubilized zonae and the intact structure was also indicated by the stabilizing effect each antiserum exerted on the induction of zona-lysis by pronase. As Table 1 indicates, the cross-linking activity of all the anti-zona antisera tested so stabilized the structure of the zonae pellucidae that their resistance to proteolytic digestion was considerably enhanced. (Table 2 ). The least effective antiserum was that raised against trypsin-solubilized zonae while all the remaining -globulin preparations suppressed sperm binding to <20% of the corresponding control value. The degree of biological activity exhibited by the anti-zona antisera showed a highly significant correlation with antibody titre whether measured by radioimmunoassay (P < 0-001), indirect immunofluorescence (P < 0-001) or immunoprecipitation techniques (P < 0-001). 
Discussion
Antibodies raised against solubilized mouse zonae pellucidae bound avidly to solubilized zona antigens and the intact structure. The interaction between these antisera and intact zonae pellucidae was specifically mediated through the Fab portion of the immunoglobulin molecule. All of the antisera tested appeared to contain antibodies, directed against the carbo¬ hydrate-rich outer surface of the zona pellucida (Nicolson, Yanagimachi & Yanagimachi, 1975) , which were capable of inducing the formation of an immunoprecipitate through the cross-linkage of surface antigens. The ability of each individual antiserum to induce this surface precipitate was directly related to its capacity to inhibit the sperm-binding stage of fertilization.
The concentration of antibodies capable of precipitate induction in each antiserum and its respective ability to disrupt sperm binding to the zona pellucida were correlated (P < 0-001). In addition univalent anti-zona antibodies, containing a concentration of immunoreactive Fab fragments similar to that of the intact antiserum but lacking the ability to form a surface precipitate, were incapable of inhibiting sperm binding. Antisera raised against intact mouse zonae pellucidae have also been shown to depend upon immunoprecipitate formation and consequent masking of the sperm receptor sites for their antifertility activity (Aitken & Richardson, 1981c Aitken & Richardson (1981c) and Ahuja & Tzartos (1981) in studies employing antisera raised against isolated, intact mouse zonae and homogenized hamster ovaries respectively. According to Bleil & Wassarman (1980a, b) the sperm receptor present in the mouse zona pellucida is a glycoprotein exhibiting a molecular weight of 83 000 and it would seem unlikely that such a large molecule is completely without antigenicity. Similarly, it would seem unlikely that the solubilization procedures employed in this study disrupted the integrity of the sperm-receptor molecule. Gwatkin & Williams (1976) by Cholewa-Stewart & Massaro (1972) . Heating hamster zonae pellucidae to boiling point appears to have no negative effect upon the biological potency of the receptor fraction (Gwatkin & Williams, 1976) . The mouse zona receptor also retains its biological activity when solubilized at a pH as low as 2-5 (Bleil & Wassarman, 1980b ) compared with the solubilization pH of 3-6 employed in the present study. In addition isolation of the 83 000 molecular weight receptor component following solubilization of mouse zonae in 2% SDS, subsequent electrophoresis and dialysis against urea (Bleil & Wassarman, 1980a, (Aitken & Richardson, 1981b) . Furthermore, these findings are in accord with the studies of Saling (1981) indicating that trypsin-like enzymes of sperm origin play a critical role in actually effecting the binding of spermatozoa to the zona surface.
The most likely explanation for the results obtained in this study is that while anti-zona antisera may interact with the solubilized 83 000 molecular weight receptor component, the antibodies they contain do not bind directly to that portion of the molecule responsible for the sperm-binding properties. Awareness of the exact composition of the sperm-binding site and its immunogenic potential are absolutely crucial since the sperm receptor is likely to be the most potent target for immunocontraception within the zona pellucida (Aitken et al, 1981) .
